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!)«,irHct Dielectric study of cyclohexylamine has been carried out with three non-polar solvent such as benzene, n-heptane and 1,4-dioxane at 
Moliir polarization (/*,), Kirkwood correlation factor excess correlation factor (6g) and excess free energy (AC) have been determined for 
innIcLulc as a function of mole fraction of solute using static dielectric constant and dielectric constant at optical frequency. The g values are greatly 
IolIlJ by ilic presence of different environment. In 1,4-dioxanc, the high values of g as compared to other two environments is explained on the basis 
hulioLicn bonding interaction. Presence of a  and P multimcrs is identified for all the three environments.
iVHords Dielectric constant, Kirkwood correlation factor, molar polarization
VI S No.s. 77.22 Ej, 3l .70 Dk. 5 1.30 +1
. Intnxiuction
vclohexylamine (C H A )  is  o f  p r im e  in d u str ia l s ig n if ic a n c e  and  
onsiitute some m o s t  im p o r ta n t in s e c t ic id e s ,  p la s t ic iz e r s  and  
oirosuui in h ib ito r s . T h e  m o le c u le s  o f  th is  c o m p o u n d  h a v e  
cvcral hydrogen b o n d in g  s ite s  and c a n  e n ter  in to  in te rm o lec u la r  
ivdiogcn bonding g iv in g  r ise  to  se v e r a l d if fe r e n t  m u ltim e r s , 
[here i.s a great in te r e st  to  s tu d y  th e  d ie le c tr ic  b e h a v io u r  o f  
llA with non -p o lar  s o lv e n t s  to  u n d ersta n d  th e  ro le  o f  h y d ro g e n  
landing and the e f f e c t  o f  s o lv e n t  e n v ir o n m e n t  r eg a r d in g  th e ir  
iquid sliucture.
fo understand th e  d ie le c tr ic  b e h a v io u r  o f  th e  a s s o c ia t in g  
ini)lccule ii is n e c e ssa r y  to  d e te r m in e  v a r io u s  d ie le c tr ic  param eter  
molar p o la r iz a t io n , K ir k w o o d  c o r r e la t io n  fa c to r , e x c e s s  
correlation factor  a n d  e x c e s s  fr e e  e n e r g y  e /c .  T h o s e  are r e la ted  
"iih inier or in tr a m o le c u la r  a s s o c ia t io n .  T h e s e  p a ra m eters  h a v e  
used to th r o w  l ig h t  o n  th e  d y n a m ic  c h a r a c te r is t ic s  o f  
• i^olecular a sso c ia t io n  in  th e  b in a ry  m ix tu r e s  o f  p o la r  a n d  n o n ­
polar liquids. In th e  r e c e n t  p a s t , f e w  w o r k e r s  [1 -4 ]  h a v e  stu d ied  
dielectric p r o p e r tie s  o f  a m in e s  in  n o n -p o la r  s o lv e n ts .
ob jective  o f  th e  p a p er  is  to  s tu d y  th e  d ie le c tr ic  r e la x a tio n  
CHA in d ifferen t n o n -p o la r  e n v ir o n m e n t  su c h  a s  b e n z e n e ,  n- 
p^ p^tane and 1,4 -d io x a n e  o v e r  th e  e n t ir e  r a n g e  o f  c o n c e n tr a t io n
, «^^ r«ponding Author
at tem perature 3 1 3K . T h e  m olar polarization , K irk w ood  com elation  
fa c to r , e x c e s s  c o rr e la tio n  fa c to r  an d  e x c e s s  fr e e  e n e r g y  h a v e  
a ls o  b e e n  c a lc u la te d  in th e  p r e se n t stu d y .
2. Method ofmeasurement and analysis of data
S ta tic  p erm ittiv ity  (E q ) at 1 0 0  k H z  w a s  m e a su r ed  u s in g  a  d ip o le  
m e te r  b y  d ir e c t ly  m e a su r in g  th e  c a p a c ita n c e  an d  c a lib r a t in g  it 
fo r  stan d ard  l iq u id s . T h e  d ie le c tr ic  c o n s ta n t  ( e ^ )  at o p t ic a l  
fr e q u e n c y  w a s  o b ta in e d  b y  sq u a r in g  th e  r e fr a c t iv e  in d e x  for  
s o d iu m  D - l i n e s ,  m e a s u r e d  w i t h  th e  h e l p  o f  a n  A b b e 's  
refra cto m eter . T h e  a c c u r a c y  o f  m e a su r e m e n ts  o f  E q and  
a r e  n e a r ly  0 .1 %  a n d  0 .0 3 %  r e s p e c t i v e l y .  T h e  d e n s i t y  
m e a su r e m e n t w a s  m a d e  w ith  a p y c k n o m ete r . A l l  m e a su r e m e n ts  
w e r e  m a d e  at c o n sta n t  tem p era tu re  3 1 3 K .
K ir k w o o d  c o r r e la tio n  fa c to r  g  h a s  b e e n  c a lc u la te d  u s in g  th e  
m o d if ie d  K ir k w o o d -F rb h lic h  [5 ]  e q u a tio n  for  th e  b in ary  m ix tu re  
g iv e n  b y
9 K T ( 2 e „ + e . f  V ( e „ - l )  
4 a V / 2 ( e .  + 2 )^ (2  -l-l)
3V^ i / , ( 6 ,  - 1 )  3 V , / , ( 6 ,  - 1 ) '
2 e „ + e , 2 e „ + e . (1)
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H er e , e„ , is  th e  s ia l ic  d ie le c tr ic  c o n sta n t  o f  the so lu t io n ,  
is  the sq u are  o f  re fr a c tiv e  in d e x  at th e  fr eq u e n c y  o f  D - l in c s  
o f  so d iu m  for pu re so lu te , is the sta tic  d ie le c tr ic  c o n sta n t  o l  
pure s o lv e n t , / ,  is  th e  m o le  fr a c tio n  o f  the s o lv e n t ,/2  is the m o le  
fra ctio n  o f  the so lu te , V  is the  m o la r  v o lu m e  o f  the so lu t io n  an d  
V, an d  V^2 ^^e the  m o la r  v o lu m e  o f  pure so lv e n t  and pu re s o lu te  
r e sp e c t iv e ly . K, T and  N arc B o lt /.n ia n n 's  c o n sta n t , a b so lu te  
te m p e r a tu r e  an d  A v o g a d r o 's  n u m b e r , r e s p e c t iv e ly .  M o la r  
p o la r iza tio n  13] o f  b in ary  m ix tu re  is  g iv e n  by
2 "I" ^1 ^ ^ni
p  =
-  I
V + 2 + 2
^ 2 y ( 2 e , „  -H ) 
9 r r ( 2 e „ , + E ^ ) “
(2)
M o la r  p o la r iz a t io n  o l the  s o lu te  is  c a lc u la te d  by the  
e q u a tio n
P2 =  P, + I fi (3)
w h er e  P , is  the  m o la r  p o la r iz a t io n  o l th e  so lv e n t  w h ic h  is g iv e n  
b y
> L Z l ) '
. ( ^ . + 2 ) 1
V'l- (4)
Table 1. Values of e„ , /(?, Py and dC/, with conccniran,
(liffcrem solvents at 313K. ‘on in
T h e  e x c e s s  G ib b 's free e n e r g y  o f  m ix in g  (AG/ ) in the b inary  
m ixture  w a s o b ta in e d  b y  the e x p r e s s io n  u sed  by S w a in  and R o y
16]. D a v id  and D o u h erc t [7 ] d e v e lo p e d  a m ix tu re  e q u a tio n  p u re ly  
from  e m p irica l c o n s id e r a tio n s  and in tro d u ced  a p aram eter  c a lle d  
e x c e s s  co rr e la tio n  fa c to r  (Sg) to rep resen t the  d ep a rtu re  from  
ideality . R ay  and R o y  [ 8 ] a lso  g iv e  the e x p r e s s io n  for e x c e s s  free  
e n e rg y  o f  m ix in g  {AG/f) fo r  the b in ary  m ix tu r e  o f  p o la r  and  
n o n -p o la r  .so lven ts u s in g  e x c e s s  c o rr e la tio n  fa c to r  5g in  p la c e  
o f^ .
3. R e s u lt s  a n d  d i s c u s s io n
T h e  d ie le c tr ic  co n sta n t o f  C H A  in th ree  n o n -p o la r  s o lv e n ts ,  viz. 
b e n z e n e , n -h ep la n e  and 1 ,4 -d io x a n e  w e r e  m e a su r e d  at 3 1 3 K .  
e x p e r im e n ta l data  are lis ted  in T ab le  1. T h e  v a r ia tio n  o f  g  v a lu e s  
for C H A  a g a in st  p e r c e n ta g e  m o le  fra ctio n  are s h o w n  in  
F ig u re  1. It is  c le a r  trom  the grap h  that g v a lu e s  are g rea ter  than  
and le s s  than un ity , w h ic h  s h o w s  that th e se  m o le c u le s  a s s o c ia te  
to form  m u ltim ers w ith  p ara lle l d ip o le  m o m e n t and a lso  w ith  anti 
parallel d ip o le  m o m en t. T h e  va lu e  o f  g  >  1 in d ica te  p red o m in a n ce  
o i a  - m u ltim ers w ith  parallel d ip o la r  o r ien ta tio n , w h er ea s  g  <  1 
in d ic a tes  the pi ^ d o m in a n c e  o f  ^  - m u ltim e r s  w ith  a n ti-p a r a lle l  
o r ie n t a t io n .  T h e  o b s e r v e d  v a lu e s  o f  g fo r  b e n z e n e  w ith  
c o n c e n tr a tio n  v a r ie s  m o n o to n o u s ly  le a d in g  to  th e  c o n c lu s io n
Mole 
fraction 
of CHA
e,) g a c ,
(J/mole) (J/niolei
Benzene
0,051)15 2 444 1 07 85 86 0,19 29 14 28 \\
0 09627 2.544 0.89 76 27 -0 .04 51.22 46 67
0 17140 2.600 0 66 64.46 -0.32 86.76 68 61
0.22435 2.872 0 86 73.27 -0 1 1 91 33 71 3S
0.30591 3.192 0.94 75.70 -0.02 96.63 6^ ) 2t,
0 39126 3 440 0.93 74 18 -0.1 98 27 62 41
0 53638 4.016 1 00 74.78 +0 08 69 59 -'17 K'J
0 64282 4.336 1 01 73 19 0.09 47.99 21 76
0 67286 4 592 1.07 74.69 0 16 24 42 11 66
0 87409 4 760 0.93 68 39 0 04 11 17 2 07
1 0 4 86 0.87 65 73 0 58 0 0
Heptane \
\
',56 S70 07752 2.064 1 13 101 47 0 06 71 42
0 11368 2 164 1 21 99.89 -0.04 104 52 M 7^
0 15033 2 192 0 96 86.04 -0 36 144 34 86 22
0 19686 2 242 0 81 77 54 -0 15 135 79 106 SS
0 30019 2.392 0 .70 70 26 -0.25 179 1 1 117 8.1
0 39152 2.648 0 76 72.37 -0.18 191 73 110 72
0 47892 2.888 0 77 71 98 -0 15 193 26 84 61
0 56272 3 192 0 8 1 72 70 -0 09 175 57 74 KS
0 72018 3.672 0 79 69.58 -0.08 139 54 "IS 27
0.79426 4.080 0.85 70.26 -O.Ol 91 69 20 7D
1.0 4 86 0 83 65 73 -0.04 0 0
1.4-Dioxane
0.1 1365 2.62 1.85 87.25 0.80 36 51 31 %
0 15642 2.630 1 40 73.64 0.33 50 88 42
0 20242 2 670 1.19 67 .40 0.10 65 21 4S
0 26765 2.834 1 21 67 20 0.09 78 47 52 91
0 34301 2.856 1.00 61 13 -0.15 101 91 51
0.42228 2 892 0.88 57.48 -0.31 125 87 47 20
0.50576 3.016 0.87 5 7 .0 0 _ -0.35 141.30 36 10
0 59380 3.168 0.89 57.07 -0.37 151 50 21 K7
0.68679 3.560 1 07 60 76 -0.24 127 30 14 43
1 0 4.86 1.45 65.73 -Z.O-SxlO-  ^ 0 0
that th ere  is  n o  r e g u la r  o r d e r in g  o f  m o le c u la r  associa tion  wiil^  
th e  v a r ia t io n  o f  c o n c e n tr a t io n .  S im ila r  tr en d s in g value.s loi 
g ly c o l s  in  b e n z e n e  w e r e  o b ta in e d  b y  S e n g w a  and K aur (9]. In  ^
h e p ta n e , a s  th e  d i lu t io n  d e c r e a s e s ,  g v a lu e s  d e c re a se d  to unit) 
w h ic h  s h o w s  th at a -m u lt im e r s  are  c o n v e r te d  in  P - muliimeri* 
A s  th e  m o le  fr a c t io n  o f  C H A  in c r e a s e s ,  g  v a lu e s  are less thar 
u n ity  in d ic a t in g  th a t th e  m o le c u le s  o f  th e s e  c o m p o u n d  associau
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orm inultimcrs w ith  a n ti-p ara lle l d ip o le  m o m en t. In 1.4  d io x a n c . 
are getting th e  p r e s e n c e  o f  a a n d  m u lt im e r s  P a lso .
(IN) lOtXV) 20(XX) 3()(XX) 4(UXX) 5()(X)n 60(X)0 TO(XX) KO(XX) W)1NK) |(X)(KX)
% Mole fraction of CHA
pun- 1. Vaiiaiiori of fi with % mole fraction of CHA,
Among the s y s te m  s tu d ie d  a b o v e ,  th e  d e v ia t io n  o f  g  fr o m  
ml) toi 1,4 -d io x a n e  is  h ig h e r  th an  th o s e  o f  n -h e p ta n e  and  
cn/cnc 1 his m ay b e a ttr ib u ted  to  th e  fa c t  that C H A  e s ta b lish e s  
lumding w ith  o x y g e n  o f  1 , 4 - d i o x a n e  a n d  r e s u l t s  in  
Liiilorccment o f  in tc r m o le c u la r  a s s o c ia t io n  o f  C H A  m o le c u le  
ndlvncc increases th e  v a lu e  o f  g. S im ila r  r esu lts  w e r e  o b ta in e d  
iv ALharya et ill [ 1 0 | in  th e  c a s e  o f  d io x a n e  for d i- is o b u ty l  
icii nc (D B K ): M o la r  p o la r iz a t io n  P2 (C C )  o f  C H A  w ith  th ree  
on pulai s o lv e n t  s h o w s  a n o m a lo u s  b e h a v io u r  w ith  m o le  
[raainn nl C'HA [F ig u r e  2 ] i.e. th ere  arc in c r e a se  a s  w e l l  a s
-^B e n z e n e
d e c r e a se  in  v a lu e s  w ith  in c r e a s in g  c o n c e n tr a t io n  o f  C H A . It 
is  c le a r  fr o m  F ig u r e s  I an d  2  that m o la r  p o la r iz a t io n  f o l lo w s  
th e  K ir k w o o d  c o r r e la t io n  f a c t o r  g w i t h  th e  v a r ia t io n  o f  
c o n c e n tr a t io n . A t  h ig h e r  v a lu e s  o f  g ,  m o la r  p o la r iz a t io n  is  la rg e  
w h ile  for lo w e r  g  v a lu e s , it is  sm a ll. T h e s e  m a x im a  and m in im a  in 
P^  v a lu e s  arc fo u n d  at th e  s a m e  c o n c e n tr a t io n  w h er e  th e s e  h a v e  
b e e n  o b s e r v e d  in g  v a lu e s . T h is  s h o w s  that th e  a s s o c ia t io n  in 
th e se  m o le c u le s  is  q u a s i- s ta te  i.e. th ere  is  c o n t in u o u s  rap id  
s w i t c h i n g  o f  th e  d i p o l e  f r o m  i n t r a m o l e c u l a r  s t a t e  to  
in tc r m o le c u la r  an d  vice versa.
T h e  e x c e s s  free  e n e r g y  ( AGff) are p lo t te d  w ith  p e r c e n ta g e  
m o le  fr a c tio n  o f  C H A  [F ig u r e  3 ] . It is  c le a r  fr o m  th e  grap h  that 
AGII v a lu e s  arc p o s it iv e  fo r  a ll th e  m ix tu r e s . T h e  m a g n itu d e  o f  
( AG ff'r n -h e p ia n e  m ix tu r e  b e in g  h ig h e s t ,  c o rr o b o r a tes  ou r  
f in d in g s  o n  g an d  P ,  that th e  e x te n t  o f  fo r m a tio n  o f  /J c lu s te r s  
is  m a x im u m  in  th is  sy s te m . T h e  v a lu e  o f  AGn is  o b s e r v e d  to  b e  
m in im u m  in 1.4 -d io x a n c  in c o m p a r iso n  to  b e n z e n e  and n -h ep tan e. 
T h is  su pp orts our earlier fin d in g  that the in teraction  in 1,4 -d io x a n e  
m e d iu m  is  s tr o n g e r  than that o f  o th e r  tw o  m e d iu m . S in c e  th e  
n atu re  o f  th e  n o n -p o la r  l iq u id s  in o u r  p r e se n t  s tu d y  is  n o n -  
a s s o c ia t iv e  in th e  m ix tu r e , th e  n e g a t iv e  v a lu e s  o f  Sg and  th e  
p o s it iv e  natu re  o f  AGn c o n f ir m  th e  m a th e m a tic a l fo r m u la tio n  
u se d  b y  R a y  and R o y  | 8 ]. W ith  in c r e a se  in th e  c o n c e n tr a t io n  o f  
C H A  (p o la r  l iq u id ) , AGn in c r e a se s  an d  atta in  the  m a x im u m  
v a lu e  in  th e  ra n g e  0 .2 3 - 0 .3 4  m o le  fr a c tio n  o f  C H A  an d  th en  
d e c r e a s e s .  T h is  m a y  b e  d u e  to  th e  fa c t  that P - m u lt im e r s  in th e  
m ix tu r e  is  c h a r a c te r iz e d  b y  r e d u c t io n  o f  in tern a l e n e r g y  in  
c o m p a r is o n  to  a - m u lt im e r s  in C H A . W ith  fu rth er  in c r e a se  in 
th e  c o n c e n tr a t io n  o f  C H A , th e  c o n v e r s io n  o f  p-  m u lt im e r s  
to  or - m u l t i m e r s  r e v e r s e s  th e  t r e n d  a n d  AGn s t a r t s  
dim in i.sh in g .
% Mole fraction of CHA10000 20,000 30000 4QOOO 50000 60000 70.000 80000 90,000 100000  
% Mole fraction of CHA 
Z Vana,.o„ o f P, with % mole froc.ion o f CHA,
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4. Conclusion
We may thus conclude as fo llow s:
(i) The presence of a  - and ^  - multimers exist in all the 
three environments under investigation.
(ii) CHA establishes H- bonding with oxygen o f 1,4- 
dioxanc causing reinforcement of inter molecular 
association o f CHA molecule. This effect shows 
deviation of g from unity which is much higher in 1,4- 
dioxane as compared to n-heptane and benzene.
(iii) Study of molar polarization shows continuous rapid 
sw itching o f dipole from  in tram olecu lar to 
inlcrmolccular slate and vice-versa.
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